Introduction Several different types of drugs acting on the central nervous system (CNS) have previously been associated with an increased risk of suicide and suicidal ideation (broadly referred to as suicide). However, a differential association between brand and generic CNS drugs and suicide has not been reported. Objectives This study compares suicide adverse event rates for brand versus generic CNS drugs using multiple sources of data. Methods Selected examples of CNS drugs (sertraline, gabapentin, zolpidem, and methylphenidate) were evaluated via the US FDA Adverse Event Reporting System (FAERS) for a hypothesis-generating study, and then via administrative claims and electronic health record (EHR) data for a more rigorous retrospective cohort study. Disproportionality analyses with reporting odds ratios and 95% confidence intervals (CIs) were used in the FAERS analyses to quantify the association between each drug and reported suicide. For the cohort studies, Cox proportional hazards models were used, controlling for demographic and clinical characteristics as well as the background risk of suicide in the insured population. Results The FAERS analyses found significantly lower suicide reporting rates for brands compared with generics for all four studied products (Breslow-Day P\0.05). In the claims-and EHR-based cohort study, the adjusted hazard ratio (HR) was statistically significant only for sertraline (HR 0.58; 95% CI 0.38-0.88). Conclusion Suicide reporting rates were disproportionately larger for generic than for brand CNS drugs in FAERS and adjusted retrospective cohort analyses remained significant only for sertraline. However, even for sertraline, temporal confounding related to the close proximity of black box warnings and generic availability is possible. Additional analyses in larger data sources with additional drugs are needed. 
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Introduction
Central nervous system (CNS) drugs are widely used in treating psychiatric and neurological disorders. A total of 20% US population used at least one type of CNS drug in 2011 [1] . Estimated CNS drug sales in the USA were $US80.2 billion in 2015 [2] , representing heavy economic burden on the healthcare system. Generic medicines can significantly reduce healthcare costs [3, 4] . For antidepressants, 72% of prescriptions were filled with generic drugs, but generic antidepressants made up only 33.4% of costs in 2016 [5] . Patients have been shown to be more adherent to generic drugs than to brand drugs, likely because of the economic benefits of generics [6, 7] . However, some concerns have been raised regarding the therapeutic equivalence of generic drugs with brand name CNS drugs [8] [9] [10] [11] .
Brand and generic drugs are approved by the US FDA through different processes. Whereas brand drugs must demonstrate clinical efficacy and safety via clinical trials required for approval of a New Drug Application (NDA), the Hatch-Waxman amendments outlined the process by which generic drugs are approved via an Abbreviated New Drug Application (ANDA) [12, 13] . The ANDA requires demonstration of pharmaceutical equivalence and bioequivalence between the generic and reference-listed brand drug but does not require demonstration of equivalence via controlled clinical trials. Previous research has questioned whether bioequivalence testing for brand and generic drugs is adequate, particularly for CNS drugs such as antiepileptics, antidepressants, and other CNS-stimulating drugs [10, [14] [15] [16] [17] [18] .
One indicator for therapeutic equivalence of medications is the relative occurrence of adverse drug events (ADEs). Suicide and suicidal ideation (broadly referred to as suicide) is considered a severe ADE that can be related to the use of CNS drugs, and this needs to be monitored closely to maintain public health safety. Several studies have suggested strong connections between suicide and CNS drug utilization [19] [20] [21] [22] [23] [24] . The FDA labeling on a number of CNS drugs, including antidepressants, antiepileptics, and others, indicates a potential for suicide risk [25] . Case reports found occurrences of suicide after switching from brand CNS drugs to generics [26] [27] [28] [29] . These observations could lead to the conclusion that the causation of suicide is related to the difference in therapeutic effect between brands and generics [11, 18] . Additional research can help to further explore the potential link between generic CNS drugs and suicide.
Methods
To help focus the question of whether suicide risk is different between brand and generic CNS drugs, a twopronged approach was used. First, we conducted analyses of the FDA Adverse Event Reporting System (FAERS) data for four CNS drugs (sertraline, gabapentin, zolpidem, and methylphenidate). Our FAERS analyses found a statistically significantly different risk of suicide between all selected brand and generic drugs, which suggested a potential connection between suicide and generic CNS drugs. Then, stemming from hypotheses generated in these analyses, we studied the same drugs using a more rigorous retrospective cohort design with a repository of administrative claims data from a regional insurance provider (Security Health Plan [SHP]) combined with electronic health record (EHR) data from the Marshfield Clinic.
Data Source and Selection

FDA Adverse Event Reporting System (FAERS)
The FAERS database is generated from the FDA's postmarketing safety surveillance program, which is a spontaneous reporting system for ADEs and medication errors [30] . These reports can be directly submitted to the FDA by healthcare professionals, consumers, or others who are aware of patients' ADEs [30] . Alternatively, these reports can be submitted by healthcare professionals or consumers to manufacturers and then manufacturers are required to forward the reports to the FDA [30] . The ADEs in FAERS are coded using the Medical Dictionary for Regulatory Activities (MedDRA Ò ) [30] . FAERS data files are published quarterly and are publicly accessible on the FDA web page. The FAERS data files contain case-related medication, reaction, outcome, source of report, and the patient's demographic information. For this study, we used the publicly available FAERS data and combined data files from January 2004 to December 2015. Duplicated cases were identified and eliminated from the data by adopting the most recent case number according to the FDA's recommendation [31] . Records with primary or secondary suspected drugs were included by setting the role code to ''primary suspect'' or ''secondary suspect. ' [32] . The SHP, which is owned by Marshfield Clinic, provides health insurance coverage to patients of the clinic [32] . Approximately 68% of SHP beneficiaries have full-year coverage of healthcare services, including inpatient, outpatient, and pharmacy [32] . Thus, the majority of claims data users have the same coverage. The data contained a retrospective cohort of 79,102 first-time users of the four selected CNS drugs with outpatient and inpatient visits in the Marshfield Clinic system from 1999 to 2014. The first observed use of the selected drugs (sertraline, gabapentin, zolpidem, and methylphenidate) was defined as the index date [33] . Individuals had to have no claims for the selected drugs within 6 months prior to the index date to be considered a new user. The medical records contained International Classification of Diseases and Related Health Problems, ninth revision (ICD-9) codes that were used to identify the ADEs in this study. Drug use was coded using the SHP pharmacy claims.
Brand and Generic Classification
We October 1999 (methylphenidate). These CNS drugs serve as good samples for studying the different suicide risks between brand and generic CNS drugs as their generic drug entered the market during our study period (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) , with multiple years of available data before and after generic entry.
FAERS Data
Target drugs were identified by searching reported drug names with text strings containing brand names, generic names, abbreviations, and possible misspellings. For example, sertraline records were selected by searching for the generic name ''sertraline,'' the brand name ''Zoloft,'' and the abbreviations ''sertr'' and ''zolo.'' Selected CNS drugs were classified as ''brand'' and ''generic'' based on the drug manufacturer receiving the report. For example, sertraline reported from ''Pfizer'' was considered a brand drug, and from all other manufacturers as a generic drug. When the same manufacturer produced both brand and generic drugs, drugs were classified as ''brand'' or ''generic'' based on their reported names. For example, methylphenidate reported from ''Mallinckrodt'' with reported name ''methylin'' was considered a brand drug and all other reported names from the same manufacturer were considered generics. Reports directly submitted to the FDA were excluded from the analysis because our methods focused on using manufacturers' information to distinguish brand and generic drugs.
Administrative Claims and EHR Data from SHP and Marshfield Clinic
Brand and generic sertraline, gabapentin, zolpidem, and methylphenidate were identified by National Drug Code (NDC) numbers in the SHP pharmacy claims. The NDC codes representing the brand manufacturers were marked as brand drugs, and the NDCs for all other manufacturers were marked as generic drugs.
Suicide and Suicidal Ideation Identification
FAERS Data
We focused on outcomes associated with suicide, which were defined by MedDRA Ò terminology for coding and searching within FAERS data. The Standardized MedDRA Ò Query (SMQ v17.0) for ''suicide and suicidal ideation'' was used to identify a group of preferred terms (PTs) related to this event [34] . The SMQ-based suicide PTs were then used to match with the reported PTs in the FAERS reaction files [34] . We identified records with PTs other than suicide and suicidal ideation as non-suicide.
Administrative Claims and EHR Data from SHP and Marshfield Clinic
The ICD-9 codes of E950-E959 (suicide and self-inflicted injury) and V62.84 (suicidal ideation) measured suicide and suicidal ideation [20, [35] [36] [37] . The validity of using these diagnostic codes for identifying suicide and suicidal ideation has been previously studied [36, 37] . The ICD-9 codes E950-E959 stand for ''intentional self-injury'' and ''late effects of self-inflicted injury,'' with a positive predictive value (PPV) of 86% [36] . The ICD-9 code V62.84 stand for ''suicidal ideation'' with a PPV of 86% when combined with other ICD-9 codes [37] . Eligible drug users were followed throughout the study period with the addition of the explicit censoring at 1 year after the index date, and treatment was considered continuous so long as a gap in medication supply did not exceed 90 days. The 90-day period was selected as a maximum period of time to washout drug effects based on previous research on antidepressant and epilepsy drugs [32, [38] [39] [40] . Observation was censored if a patient switched between brand and generic or switched from one drug to a different drug within the same therapeutic class. The evaluation time was from the index date until first suicide event. When absent of a suicide event, the evaluation time of patients started from the index date until first switching of drug or the end of the SHP enrollment with the addition of the explicit censoring at 1 year after the index date.
To ensure the claims and EHR definition was consistent with the SMQ-based definition, two clinicians independently reviewed the coding and selected a subgroup of MedDRA Ò PTs that best matched the ICD-9 codes for suicide and suicidal ideation found in the claims and EHR data. Because this approach only included a subset of PTs in the SMQ-based definition, we considered this a sensitivity analysis of the FAERS data.
Covariates
FAERS Data
Patients were divided into five age groups (\18, 18-44, 45-64, C 65 years, and age missing) to show the reporting distribution by age. Three sex groups (female, male, and sex missing) were coded across identified reports. Report source was classified by six categories: physician, pharmacist, other health professional, consumer, lawyer, and report source missing. Report country indicated the geographic location of the reported event, which was categorized into USA and non-USA. These covariates were used for descriptive purposes only.
Administrative Claims and EHR Data from SHP and Marshfield Clinic
The covariates were defined based on patients' medication records within 6 months before their index date. In the claims data, the patient's age was recorded in years, and the patient's sex was recorded as female or male. The patient's history of diabetes status and smoking status was obtained from the EHR. The Charlson Comorbidity Index (CCI) was calculated according to each individual's chronic conditions, which were obtained from both the claims and the EHR [41] . These covariates were used for descriptive purposes and for confounding adjustment in multivariable models. A covariate for background risk of suicide and suicidal ideation was created by calculating the rate of these events in the SHP population not using the drug of interest. This variable was measured at quarterly intervals and treated as a time-dependent confounder.
Statistical Analysis
FAERS
Descriptive analyses were carried out to show the distributions of age, sex, reporting source, and reporting country with sertraline, gabapentin, methylphenidate, and zolpidem. The dynamic changes of yearly suicide events for each selected drug were plotted. Disproportionality analyses were used to identify whether reporting rates of suicide with each drug were similar to those with all other drugs [42] . The Breslow-Day statistic was used to identify the homogeneity of the brand and generic drugs' RORs for suicide. The study period included in disproportionality analyses focused on post-generic marketing time. Sensitivity analyses were done using the secondary PT selection that better matched the codes in the EHR data. The RORs and 95% confidence intervals (CIs) were calculated for each selected drug (brand, generic, and total) within this PT subgroup. While the focus of these analyses was not hypothesis testing, we considered multiple comparisonadjusted p values of \0.0125 to be potentially significant (i.e., 0.05 7 4 comparisons).
Administrative Claims and EHR Data from SHP and Marshfield Clinic
Means and standard deviations (SDs) of patient age and the CCI at first prescription for each brand and generic drug were calculated. Numbers and percentages of female patients, patients with diabetes, and patients who smoke were counted and calculated. Cox proportional hazards models were used to compare the suicide hazard rates for each brand and generic drug, controlling for demographic and clinical characteristics as well as the background risk of suicide in the insured population over time [43, 44] . The hazard ratio (HR) measures the risk of suicide within brand drug users divided by the risk of suicide within generic drug users. The positive signal of the risk of suicide should be indicated by an HR [1 with the lower limit of the 95% CI also [1 [43] .
3 Results Tables 1 and 2 summarize the characteristics of adverse event reports for the four drugs studied. Looking across brands and generics indicated interesting but inconsistent patterns. For example, both females and males had higher brand reporting rates for gabapentin and methylphenidate and a higher generic reporting rate for zolpidem (Table 1) . Pharmacists and other healthcare providers had higher reporting rates for generic than for brand drugs for most studied CNS drugs, whereas consumers and lawyers had higher reporting rates for all brand than for generic drugs (Table 2) .
Characteristics of Adverse Event Reports
Suicide and Suicidal Ideation Reporting Change
Over Time for FAERS Figure 1 illustrates the dynamic changes of brand and generic drug suicide reports over time for sertraline, gabapentin, methylphenidate, and zolpidem, using total suicide reports for all drugs (including these) as a background comparison (i.e., solid line in Fig. 1 ). The total number of suicide reports for all drugs increased slowly from 2004 to 2009 (average 11.45% per year) and then rapidly from 2009 to 2015 (average 35.60% per year).
Comparing the total reporting patterns for each drug (i.e., stacked bar of brand and generic in Fig. 1 ) with the total reports of suicide and suicidal ideation across all drugs in the FAERS database, the CNS drugs we studied appeared to mostly follow trends of suicide reporting in the database as a whole (shown by the line representing total reports).
Reporting Odd Ratios and Forest Plots for FAERS
The RORs and forest plots for suicide and suicidal ideation are shown in Fig. 2 . For the SMQ-based definition of suicide and suicidal ideation events, all studied CNS drugs (except for brand zolpidem) had elevated suicide reporting compared with all other drugs in the FAERS database (ROR [1) . All analyzed generic drugs had significantly higher suicide reporting rates than their brand competitors (p\0.001), indicated by the statistically significantly higher ROR for generic than brand for all drugs (p\0.001).
In a sensitivity analysis where we defined the PTs to more closely match existing ICD-9 codes, we found similar patterns (Fig. 2) . The RORs for generics were statistically significantly greater than for brands for all four drugs (p\0.001).
Analysis from Administrative Claims and EHR Data from SHP and Marshfield Clinic
We replicated the analyses of FAERS using a stronger retrospective cohort study design and a more complete data source of administrative claims and EHR data. These results are shown in Table 3 . A total of 79,102 eligible users were identified from 1999 through 2014, including 26,483 for sertraline, 23,927 for gabapentin, 12,120 for methylphenidate, and 20,893 for zolpidem. The mean ages for generic drug users were higher than those for brand drug users among all selected drugs. For most selected drugs, brand users had lower CCI, lower diabetes rates, and lower smoking rates than generic users. Gabapentin users had the highest CCI and the highest rates of diabetes and smoking. Methylphenidate users had the lowest CCI and the lowest diabetes and smoking rates. Among all of the eligible CNS drug users, 621 incident suicide events were identified, including 35 brand and 249 generic sertraline cases, 14 brand and 103 generic gabapentin cases, 39 brand and 123 generic zolpidem cases, and 29 brand and 29 generic methylphenidate cases. The unadjusted data showed higher suicide rates for generic users than for brand users for sertraline and zolpidem. Generic sertraline users had the highest absolute suicide rate (1.31 vs. 0.47% for brand; p\0.001), and generic zolpidem users had the lowest absolute suicide rate (0.93 vs. 0.51% for brand; p\0.001). However, the adjusted HR for brand compared with generic users only indicated a significantly lower risk for brand compared with generic sertraline (brand vs. generic HR 0.58; 95% CI 0.38-0.88). After adjustment, the HRs for gabapentin, methylphenidate, and zolpidem users showed no statistically significant difference in the rate of suicide between brand and generic users.
Discussion
This study compared suicide ADE reporting rates between four brand and generic CNS drugs. Our FAERS-based hypothesis-generating analyses first explored potential brand versus generic signals, and we followed this up with a stronger retrospective cohort study using administrative claims data combined with EHR data. From the FAERS data analyses, all selected generic CNS drugs had significantly higher suicide RORs than their brand competitors. In our confirmatory studies using administrative claims data combined with EHR data, all selected generic CNS drug users had a higher percentage of suicide events than brand drug users. However, after adjustment for potential confounders and background suicide rates in the population, only sertraline had a significantly higher suicide risk for generic compared with brand. Our initial finding of higher suicide rates among generics is consistent with previous studies, although we focused on different CNS drugs. For example, previous studies found generic bupropion, paroxetine, valproic acid, and clozapine had more reports involving suicide compared with brand drugs [26] [27] [28] [29] . The literature suggests potential differences in the therapeutic equivalence of generic and brand psychoactive drugs and antiepileptic drugs [10, 18, 45] . The FDA also previously changed equivalence ratings for specific formulations of generic methylphenidate and bupropion [17] .
The potential connection between suicide risk and generic CNS drugs observed in our study should be interpreted cautiously. There are several possible explanations for our observations. One explanation could be the increased public attention toward suicide risk evoked by black box warnings. More specifically, it is possible that the timing of these warnings paralleled the broader availability and use of generic drugs, and therefore our analyses might be subject to temporal confounding. The FDA updated 174 black box warnings to include risk of suicide from 2004 to 2007 [25] . The majority of drugs within the warning list were CNS drugs, including all of our study drugs except methylphenidate. With the increasing number codes. CI confidence interval, ICD-9 International Classification of Diseases and Related Health Problems, ninth revision, MedDRA Medical Dictionary for Regulatory Activities, ROR reporting odds ratio around or after that period. Moreover, at the time of the black box warning update for sertraline in 2007, more than 96% of patients used generic sertraline. Thus, the collinear effect of generic entry and the black box warning may have prevented us from adequately controlling for confounding effects of the black box warning when analyzing the relationship between generic drug use and suicide risk. While we controlled for background rates of suicide in the population with the claims data analysis, this may still be insufficient to address the collinear relationship.
Another possible explanation could be preconceived beliefs or concerns regarding therapeutic equivalence between brand and generic CNS drugs [8] [9] [10] [11] . Desmarais et al. [11] found generic CNS drugs often had higher ADE rates and this might cause adherence to be lower than with brand drugs. Shrank and colleagues reported that 37.6% of patients would prefer to take generic drugs, 30% of patients believed that brand drugs were more effective than generic drugs [8] , 50% of physicians were concerned about generic drug quality, and 23% of physicians had negative perceptions about generic drug efficacy [46] . Such concerns might generate bias toward generic drugs when reporting suicide or even when seeking healthcare and discussing suicidal ideation.
The third explanation for the potential association between suicide and generic CNS drugs could be the different therapeutic effects of generic drugs. Previous research found that generic CNS drugs are introduced more commonly in higher dosages [11, 45] . For example, Andermann et al. [45] reported that generics had a 6.2% higher dose than brand drugs. Miller [47] described a case report involving ADEs with higher doses of generic sertraline. Thus, the same scenario could help to explain our observations. Our adjusted retrospective cohort analyses found that generic sertraline had a significantly higher suicide reporting rate. While we do not have a biological basis from which to suspect higher suicide rates with generic sertraline, one hypothesis may be related to the use of generics at higher doses than used with brands [47, 48] . It may be possible that the higher dose is related to symptoms such as akathisia and this in turn might be related to suicide. Further study is needed to explore such ideas.
Our study has several limitations. First, for the FAERS data, causality between suicide and the primary or secondary suspected drugs is not proven. The reported suicide might also be caused by drug-drug interactions, food-drug interactions, or other unreported reasons. Second, the spontaneous reporting system for the FAERS data is known to have substantial under-reporting, duplicated reports, and large amounts of missing data. To reduce the bias from duplication and missing data, we cleaned the duplicated cases and labeled the missing data in our analyses. Third, the FAERS data contain imprecise drug information, including the misspelling of drug names and lack of dose information. To improve data quality, we recoded drug names manually in our analyses. However, our recoding could introduce error even though we used two independent adjudicators. Fourth, the FAERS data do not link to medical records, which prevented us from evaluating alternative explanations. Thus, we were not able to track individuals' medication history and comorbid disease. Fifth, the publicly available FAERS data does not have adequate information for us to reliably identify brand and generic products. Previous studies found that even with careful review of case narratives, several FAERS reports still could not be identified as brand and generic drugs reliably [49, 50] . Sixth, using manufacturer names to classify brand and generic drugs could present its own limitations. This strategy might cause misattribution of generic ADEs to brand manufacturers, since patients and physicians could be more likely to submit their reports under brand name [49, 50] . While potentially problematic, we have attempted to follow best practices. For example, Iyer et al. [50] found that the method of using manufacturer names is as reliable as the method of using NDA or ANDA numbers when identifying brand and generic drugs. Thus, we believe that using manufacturer names to classify brand and generic drugs in FAERS data analysis is reasonable for signal detection, but results should be interpreted cautiously.
Compared with FAERS, our retrospective cohort study is a stronger design and our administrative claims data combined with EHR data is a stronger data source. These secondary analyses complement the hypothesis-generating FAERS analysis and address some of the limitations in FAERS data. For example, with the combination of claims and EHR data, we could measure the adjusted HR of suicide with confounding factors (CCI, diabetes, and smoking). However, the demographic differences between the two databases might lead to variances in results, since our claims data covered a regional population, whereas the FAERS data covered a worldwide population. Another limitation in our EHR data analyses is the challenge of capturing suicide and suicidal ideation, especially the latter. Our algorithms of capturing suicide and suicidal ideation involve screening for ICD-9 codes E950-E959 and V62.84 in patients' EHR data and insurance claims. However, both E950-E959 and V62.84 were not proven to be sensitive enough to detect suicide by previous studies [36, 37] . In addition, we did not have sufficient information to ascertain suicide, especially suicidal ideation in our EHR data. Nevertheless, the FAERS analyses in our mixed methods used SMQ to capture suicide, which was created using a thorough process. The third limitation in our EHR data analyses is related to health insurance coverage. Although the majority of patients at Marshfield Clinic have the same full-year coverage from SHP, insurance coveragerelated factors such as geographic location, social economic status, and insurance copayment could still influence the patient's chance of getting a brand or generic drug. However, based on our previous research, controlling insurance copayment did not significantly influence the choice of brand and generic [32] . Fourth, other uncontrolled confounders could bias our analyses. Although there are limitations in claims and EHR data analyses, it is noteworthy that our mixed methods approach using two databases and multiple analyses found potential connections between generic CNS drugs and suicide.
Conclusions
We observed a potential association between suicide and generic sertraline across two analyses using different databases and methodologies. In the hypothesis-generating analysis with the FAERS data, we found disproportionally higher suicide reporting rates for all four generic CNS drugs studied. In the stronger retrospective cohort studies, the multivariable adjusted models showed statistical significance only for sertraline. This association may still be confounded by the temporal association of generic sertraline entry and the addition of a black boxed warning to the product labeling. For future work, extensions of our study in larger data sources with additional drugs will be needed to further explore the association between generic CNS drugs and suicide.
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